The need to protect groundwater resources against quality deterioration due to anthropogenic activities is unquestionable. The concept of aquifer pollution vulnerability maps and of wellhead protection areas (WHPA) as protection tools is not new; however, in spite of the elapsed time, their use has been increased as a result of the increase in economic development-and everything that this entails-and the increase in prohibitive costs of treating contaminated water or of the decontamination of aquifers. The study's objective was to establish an integrated method that defines, first of all, the areas of highest vulnerability in the aquifer, and second, within these areas, the wells that most urgently need protection. To identify these wells, additional criteria were taken, such as well constructive data, pumped volume, and the region's socioeconomic characteristics (social exclusion index). Once the wells were ranked, several of them were chosen as a pilot study to compare different methods for the delineation of WHPA based on calculated fixed radius and analytical methods and, this way, identify which method or methods best adapt to the characteristics of the study area. The Minkin analytical method proved to offer the best results since it protects well on both sides and achieves a balance in the well's upgradient distances. It is also worth mentioning that the delimitation of the WHPAs in the study area was limited in respect to hydrogeologic and technical data.
Introduction
The experience in the last decades has shown that groundwater is not immune to contamination and that once it is contaminated by chemical, biological or radiological agents, it is nearly always hard to clean and the possibilities of remediation involve high economic costs (UN 2006; Wang 2006) .
There is no doubt that the safest way to achieve absolute protection against groundwater contamination would be to stop all type of potentially contaminating activities. Nevertheless, this would be impossible to carry out due to the technical and, most of all, economic implications that this would involve (Wang 2006) .
In this sense, in stead of applying universal controls over land use on a regional level and effluent discharge to the ground, it is more cost-effective (and less prejudicial to economic development) to define the level of control required on a more local scale (De Loë et al. 2002; Fadlelmawla and Dawoud 2006) . Simple and robust zones, which can be defined based on aquifer pollution vulnerability and wellhead protection areas, must be established (Hirata and Reboucas 1999), indicating which anthropogenic activities are possible and where they can be located, at an acceptable risk to groundwater (Foster et al. 2002; Sylvestre and Rodriguez 2008) .
Aquifer vulnerability is defined as "an intrinsic property of a groundwater system that depends on the sensitivity of that system to human and/or natural impacts" (Vrba and Zaporec 1994). There are several methods to determine this vulnerability, which have been modified in the last years to adapt to different hydrogeological environments (Hirata and Reboucas 1999; Gogu and Dessargues 2000; Massone et al. 2010 ). Most of these methods are based on index and overlaying techniques. The combination of maps with a spatial distribution of data with specific attributes (soil, geology, groundwater depth, etc) leads to the assignation of a numerical index or a value for each attribute. These are combined to produce a vulnerability score. This score is reflected in a map-the vulnerability map-which produces information regarding the ease with which the groundwater can be contaminated by an external agent. The obtained map is of great use, for example, for land use planning.
Common methods are DRASTIC (Aller et al. 1985) , SINTACS (Civita 1994), AVI (Van Stempvoort et al. 1992) and GOD (Foster and Hirata 1988; Foster et al. 2002) . There have been studies comparing these different methods (Gogu et al. 2003) ; as well as research attempting to conduct a validation of the vulnerability maps obtained through the use of numerical models, for example (Neukum et al. 2008) .
A wellhead protection area (WHPA) is based on the establishment of a system of zones surrounding the well, inside of which activities that are liable to modify the groundwater quality are restricted or prohibited in a gradual manner (depending on their proximity to the well; US Environmental Protection Agency 1993).
The WHPAs, as a protection tool for groundwater, are still being enforced at present, as evidenced by a recent study in South Africa by Nel et al. (2009) and there is a search to define methods which, with minimal information, guarantee the obtaining of real WHPAs (Miller et al. 2003; Paradis et al. 2007; Exposito et al. 2007; Garfias et al. 2008) , likewise, there is research into new concepts such as well vulnerability (Frind et al. 2006) .
According to the US Environmental Protection Agency (1993), the main assessment methods for WHPAs can be reduced to six, which can be classified in an ascending order with regard to complexity and costs, into arbitrary fixed radius,
